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(57) ABSTRACT

A flash memory device and a reading method are provided
where memory cells are divided into at least two groups.
Memory cells are selected according to a threshold voltage
distribution. Data stored in the selected memory cells are
detected and the data is latched corresponding to one of the at
least two groups according to a first read operation. A second
read operation detects and latches data of the memory cells
corresponding to another one of the at least two groups. The
data is processed through a soft decision algorithm during the
second read operation.

20 Claims, 8 Drawing Sheets

100
120 —
e s
‘ 121 122 125 ] 110
| e Z 2 Z
, | ROM I [ RAM I ’ CPU | !
t t
| |
Lo I Multi-nit
} < > : Fiash Memory
| 124 1/25 1/26 i
| {
| " | 1/0i
Host <——| Host | /F ECC elm/oFry | CNTL
| |
| |
o i



US 9,058,890 B2
Page 2

(56)

References Cited

U.S. PATENT DOCUMENTS

7,652,918 B2
7,681,109 B2
7,716,538 B2
7,975,192 B2
8,149,618 B2
8,230,300 B2

1/2010
3/2010
5/2010
7/2011
4/2012
7/2012

Wan et al.
Litsyn et al.
Gonzalez et al.
Sommer et al.
Kang
Perlmutter et al.

8,477,533 B2*

8,479,083 B2

8,582,360 B2
2004/0153902 Al
2005/0022091 Al
2006/0239086 Al
2008/0320366 Al
2011/0219284 Al

* cited by examiner

7/2013
7/2013
11/2013
8/2004
1/2005
10/2006
12/2008
9/2011

Kang ..coocoevrnenn 365/185.03
Chae et al.

Park et al.

Machado et al.

Holman

Shiota et al.

Lin

Uchikawa et al.



US 9,058,890 B2

Sheet 1 of 8

Jun. 16, 2015

U.S. Patent

UiA

_I
Q¢ /P IIA
L

|—-

g1 ‘s1q
o—tepn s e w s e opn
UIA 4t —!
000 LOO 010 L0 001 101 0Ll LiL
VI 914



U.S. Patent Jun. 16, 2015 Sheet 2 of 8 US 9,058,890 B2

Fig. 2
100
120
Y T Y [_-I
| 21 192 123 | 110
R / 7| .
| ROM RAM ceu | |
f |
: :
| | Multi-bit
I < . T D j Flash Memory
| 124 125 126 |
: / y / / : {/0i
|
Host =— Host |/F ECC Vemory T oL
| |
| |
oo R



US 9,058,890 B2

Sheet 3 of 8

Jun. 16, 2015

U.S. Patent

9pPIA GPIA PP IA
WA r—————o——- I R I T
o _ | _ _ !
] | | | | |
| | | | | |
| | | | | ]
A AN | _ | "C C C C
Y e o o -]
H
oP 1A GPJEA vPIIA EP44A
q¢ 81y
EPIA ¢PIA LPIA OPIA
A § s — — i E—— 1
)k I | | |
| |
| | _ _ S
| | | | I
“ | f | _
omr\/(rl:uln |||||| _ llllll " ||||||||| i
SPIIA LRIIA QP ALIA
Ve 914



U.S. Patent

(Normal read & Fractional read)

Jun. 16, 2015 Sheet 4 of 8 US 9,058,890 B2
Fig. 4
( Start )
Y
Select memory cells L 5110
having MSB '1'
i 4
1st Read Ny
(Normal read & Fractional read) 5120
S140
¥ ~
$130 Select memory cells
v 7 having MSB '0'
Data out
and soft decision ?}50
Y
2nd Read

8160
A /

Data out
and soft decision

Data processing

—-5170

End



US 9,058,890 B2

Sheet 5 of 8

Jun. 16, 2015

U.S. Patent

HIA | M | " " " _
| i ! m | | |
| |
] i i [ | | | b
| f H | | | |
] | t | | | 1
| | | _ | | |
]
OpJIA GPIIA FRIIA ERIIA aRILIA LRIIA ODIIA
qc -siy
OPJIA SPIA FRIA SRIA gRIA [PIA OPIA
c\;
LLL
VG S



U.S. Patent Jun. 16, 2015 Sheet 6 of 8 US 9,058,890 B2
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OVER-SAMPLING READ OPERATION FOR A
FLASH MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation Application of applica-
tion Ser. No. 13/402,922, filed Feb. 23, 2012, now U.S. Pat.
No. 8,477,533 B2, issued Jul. 2, 2013, which is a Continua-
tion Application of application Ser. No. 12/034,872, filed Feb.
21, 2008, now U.S. Pat. No. 8,149,618 B2, issued Apr. 3,
2012, which claims the benefit of Korean Patent Application
No. 10-2007-0019804, filed on Feb. 27, 2007 in the Korean
Intellectual Property Office, the disclosure of which is incor-
porated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the invention relate to a semiconductor
memory device. More particularly, embodiments of the
invention relate to a flash memory device configured to per-
form an over-sampling read operation on a memory cell and
an associated read method.

2. Discussion of Related Art

Semiconductor memory devices are largely classified into
volatile and non-volatile semiconductor memory devices.
Volatile semiconductor memory devices are characterized by
fast reading and writing speeds, but the stored contents dis-
appear when no external power is applied. Non-volatile semi-
conductor memory devices retain their stored contents even
when no power is applied. Therefore, the non-volatile semi-
conductor memory devices are used to store vital contents,
which must remain regardless of power supplied to the
device. Examples of non-volatile semiconductor memory
devices include, for example, mask read-only memory
(MROM), programmable read-only memory (PROM), eras-
able programmable read-only memory (EPROM), and elec-
trically erasable programmable read-only memory (EE-
PROM).

Since erase and write operations are relatively complicated
in MROM, PROM, and EPROM devices, memory contents
may not be able to be updated. Since erase and write opera-
tions can be electrically done in EEPROM devices, these
devices are more commonly used in system programming or
auxiliary memory device applications which require continu-
ous updating. Flash EEPROM devices have a higher degree of
system integration compared to a typical EEPROM device
because of its high-capacity memory applications. A NAND-
type flash EEPROM (hereinafter, referred to as a NAND flash
memory) has a remarkably higher degree of systems integra-
tion compared to other flash EEPROM.

As demands for memory devices increase, multi-bit
memory storage devices that store multi-bit data in one
memory cell are actively under development. When storing
1-bit data in a memory cell, the memory cell has two threshold
voltage distributions; one voltage threshold corresponds to a
data 1 and the other voltage threshold corresponds to a data 0.
However, when storing 2-bit data in a single memory cell, the
cell is programmed with one of four threshold voltage distri-
butions. Additionally, when storing 3-bit data in a single
memory cell, amemory cell is programmed with one of eight
threshold voltage distributions. Recently, various technolo-
gies for storing 4-bit data on one memory cell are actively
under development.

FIG. 1A is adiagram illustrating a normal read operation of
a typical multi-bit memory cell where read voltages 10 are
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used to read multi-bit data in amemory cell allocated between
threshold voltage distributions corresponding to 3-bit data
(ie.,111°,110%,°101°, ..., ‘001, ‘000’) respectively. Read
voltage Vrd3 is applied to a word line of a memory cell to read
data of a most significant bit (MSB) page (e.g., a first page) of
3-bit data. A read voltage Vrdl or Vrd5 is applied to read data
of'a second page between the MSB page and a least signifi-
cant bit (LSB) page (e.g., a third page). Lastly, read voltages
Vrd0, Vrd2, Vrd4, and Vrdé are applied to a word line of
memory cells to read data of the LSB page.

Accurate control of a program voltage Vpgm and a verify
voltage Vviy is essential to storing multi-bit data in one
memory cell. Each interval between threshold voltage distri-
butions in memory cells can be densely controlled by an
accurate voltage control. In particular, a step size of a program
voltage can be reduced for dense threshold voltage distribu-
tions. However, this drastically decreases program speed.
Otherwise, threshold voltage distributions of memory cells
can be formed in a broader voltage range. A high voltage
pump is required to accommodate this broader voltage range
which in turn, increases device costs. Attempts to resolve the
above limitations are typically targeted at the read operation
rather than the program operation. One attempt focuses on an
over-sampling read operation or a fractional read operation
through a maximum likelihood method. The over-sampling
read operation utilizes a relative interval from a reference
value of the threshold voltage distribution (e.g., a middle
value of threshold voltage distribution).

FIG. 1B is a diagram illustrating an over-sampling read
operation of a multi-bit memory cell. Over-sampling read
voltages V{rd0 to Vird7 are set within each threshold voltage
distribution not between threshold voltage distributions as
illustrated in FIG. 1A. An over-sampling voltage is applied to
perform an over-sampling read operation one time with
respect to one threshold voltage distribution. Accordingly, the
respective over-sampling read voltages V{rd0 to Vird7 are set
with middle values (or, average values) of corresponding
threshold voltage distributions. However, when performing
an over-sampling read operation two or three times with
respect to one threshold voltage distribution, over-sampling
read voltages are set with values that equally divide one
threshold voltage distribution into a plurality of units.

By using the above normal read operation and the over-
sampling read operation, a read operation can be performed
using a relative interval from a reference value of threshold
voltage distribution (e.g., an average value of distribution).
Technologies for an over-sampling read or fractional read
operation are disclosed in U.S. Pat. No. 7,023,735, titled
“METHODS OF INCREASING THE RELIABILITY OF A
FLASH MEMORY” and U.S. Pat. No. 6,816,409, titled
“NON-VOLATILE  SEMICONDUCTOR  MEMORY
DEVICE AND REWRITING METHOD”, which are incor-
porated by reference.

Presently, there are no specific devices or methods for
externally outputting over-sampling data from memory
device. In addition, there is no effective method of outputting
data which are detected according to a normal reading opera-
tion and an over-sampling read operation. Accordingly, a data
reading method ofa flash memory device is required to output
data at high speed which are detected according to an over-
sampling read operation.

SUMMARY OF THE INVENTION

Exemplary embodiments of the present invention are
directed to a memory device. In an exemplary embodiment a
method of reading memory cells of a flash memory device
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includes dividing memory cells in the flash memory device
into at least two groups. Particular memory cells are selected
according to a threshold voltage distribution. The data stored
in the selected memory cells are detected and latched corre-
sponding to one of the at least two memory cell groups
according to a first read operation. The data of memory cells
corresponding to another of the at least two groups according
to a second read operation are detected and latched. The data
detected and latched according to the first read operation is
processed through a soft decision algorithm during the pro-
cess of detecting and latching of the data according to the
second read operation.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A is a view of a normal read voltage of a typical
multi-bit memory cell;

FIG. 1B is a view of an over-sampling read voltage of a
typical multi-bit memory cell;

FIG. 2 is a block diagram of a memory system according to
an embodiment of the present invention;

FIGS. 3A and 3B are views according to a first embodiment
of the present invention;

FIG. 4 is a flowchart of a reading method of FIGS. 3A and
3B;

FIGS. 5A and 5B are views according to a second embodi-
ment of the present invention;

FIG. 6 is a flowchart of a reading method of FIG. 5;

FIG. 7 is a view according to a third embodiment of the
present invention; and

FIG. 8 is a flowchart of a reading method of FIG. 7.

DESCRIPTION OF EMBODIMENTS

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention, however, may be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. In the drawings, like numbers refer to like
elements throughout. Although a NAND flash memory
device is used as an example herein, those skilled in the art
will appreciate that alternative embodiments may be
employed.

FIG. 2 is a block diagram of memory system 100 that
controls multi-bit flash memory device 110 to perform an
over-sampling read operation. Data outputted from multi-bit
flash memory 110 based on the over-sampling read operation
includes bit values determined by a soft decision algorithm in
a memory controller 120. In particular, multi-bit flash
memory device 110 performs an over-sampling read opera-
tion or a fractional read operation based on memory control-
ler 120. Memory controller 120 controls the multi-bit flash
memory device 110 to perform the over-sampling read opera-
tion and the normal read operation. Memory controller 120
utilizes a hard decision algorithm or a soft decision algorithm
to read data from the multi-bit flash memory device 100.
ROM 21 stores code data for interfacing with a host and stores
code data for driving memory controller 120. Upon power-
up, the code data is loaded into RAM 122 which is used as an
operating memory of processing unit 123. Host interface 124
includes a data exchange protocol of a host connected to
memory system 100. Error correcting block 125 detects and
corrects an error in data read from multi-bit flash memory
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device 110. Memory interface 126 interfaces with multi-bit
flash memory device 110. Processing unit 123 determines bit
values of data by using maximum likelihood operations with
reference to data read via a normal read operation and an
over-sampling read operation according to the soft decision
algorithm. Processing unit 123 operations general controls
operations of memory controller 120.

Multi-bit flash memory device 110 performs an over-sam-
pling read operation or a fractional read operation according
to control of memory controller 120. The multi-bit flash
memory device 110 reads the most significant bit (MSB) data
of selected memory cells in response to a command from
memory controller 120. Multi-bit flash memory device 110
performs a normal read operation and an over-sampling read
operation on memory cells with an MSB of 1. Data latched
according to the normal and over-sampling read operations of
the memory cells with the MSB of 1 are supplied to memory
controller 120 later. Once the latched data of the memory cells
with the MSB of 1 are outputted, multi-bit flash memory
device 110 performs normal and over-sampling read opera-
tions on memory cells with an MSB of 0. At this point, the
outputted data of the memory cell with an MSB of 1 are
outputted through the normal and oversampling read opera-
tions, and their final bit values are determined using a soft
decision algorithm of memory controller 120. During the
normal and over-sampling read operations of the memory cell
with an MSB of 0, a soft decision operation of the memory
cells with an MSB of 1 is performed in memory controller
120. That is, the read operation of the multi-bit flash memory
device 110 and the decision operation of memory controller
120 proceeds in a pipeline method.

Once the normal and over-sampling read operations of the
memory cell with an MSB of 0 are completed, multi-bit flash
memory device 110 outputs the latched data to memory con-
troller 120. The outputted normal and over-sampling read
data include bit values that are finally determined according
to a soft decision algorithm and the data of the memory cells
with an MSB of 1 are combined with the data from the
memory cells with an MSB of 0. Memory system 100 is
configured to determine whether or not to perform an over-
sampling read operation. That is, the normal read operation
and an over-sampling read operation for the selected memory
cells can be continuously performed regardless of the MSB
value. In this manner, memory system 100 of the present
invention performs an over-sampling read operation on the
selected memory cells at high speed according to a pipeline
method.

FIGS. 3A and 3B are diagrams illustrating an over-sam-
pling read operation of a pipeline method. FIG. 3A illustrates
afirst read operation which starts with detecting a bit value of
an MSB of the selected memory cells. When read voltage
Vrd3 is supplied to a word line of the selected memory cells,
the MSB of the selected memory cells are detected by a page
buffer (not shown). Memory cells 130 having a detected MSB
of'1 are selected during the first read operation. The memory
cells are detected according to the normal read operation
through respective read voltages Vrd0 to Vrd2 and the
detected data are stored in a latch of a page buffer (not shown).
After the normal read operation, memory cells 130 with an
MSB of 1 are detected according to the over-sampling read
voltages Vrfd0 to Vrfd2. The data detected according to the
over-sampling read operation and separated from the data
detected according to the normal read operation are stored on
the latches. Once the normal and over-sampling read opera-
tions in the first read operation are completed, the latched
normal and over-sampling read data are outputted. The out-
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putted read data of the memory cells 130 withan MSB of 1 are
generated as highly-reliable decision data according to a soft
decision algorithm.

Referring to FIG. 3B, a second read operation is performed
on memory cells 140 with an MSB of 0. Multi-bit data pro-
grammed by a normal read operation providing read voltages
Vrd4 to Vrd6 to a word line are detected in memory cells 140
with an MSB of 0. Following the normal read operation,
memory cells 140 with an MSB of 0 are detected by over-
sampling read voltages V{rd0 to Vfrd2. The data detected
according to the over-sampling read operation and separated
from the data detected according to the normal read operation
are stored on the latches. Once the second read operations are
completed, the latched normal and over-sampling read data
are outputted. During the interval where the second read
operation is performed in the multi-bit flash memory device,
memory controller 120 performs a soft decision operation
with reference to normal read data and over-sampling read
data outputted by the first read operation. Memory controller
120 utilizes a read operation of a pipeline method which
performs a soft decision operation on the data outputted dur-
ing a data detecting operation in the multi-bit flash memory
device 110.

FIG. 4 is a flowchart illustrating a read operation of a
pipeline method where memory system 100 performs an
over-sampling read operation on the selected memory cells
twice according to the pipeline method. That is, a soft deci-
sion operation and the second read operation are simulta-
neously performed on the data outputted by the first read
operation. Memory controller 120 outputs a command code
to multi-bit flash memory device 110 to perform a pipeline
read operation in response to a read request from a host. The
multi-bit flash memory device 110 detects the memory cells
selected by read voltage Vrd3 in response to the pipeline read
command. In step S110, memory cells with an MSB of 1 are
selected from among the selected memory cells and the first
read operation is performed on the selected memory cells.
During the first read operation, the memory cells are detected
according to respective read voltages Vrd0 to Vrd2 and the
detected data are stored on latches in a page buffer (not
shown). Following the normal read operation, the memory
cells with an MSB of 1 are detected according to over-sam-
pling read operation voltages V{rd0 to Vfrd2. The data
detected according to the oversampling read operation and
separated from the data detected according to the normal read
operation are stored on the latches in step S120.

Once the normal and over-sampling read operations in the
first read operation are completed, the latched normal and
over-sampling read data are outputted. In step S130, the
detected data are determined by the soft decision algorithm of
memory controller 120 shown in FIG. 2. Separated from the
soft decision algorithm of memory controller 120, the second
read operation proceeds in the multi-bit flash memory device
110 to select the memory cells 140 of FIG. 3B with an MSB
of 0 among the selected memory cells in step S140. During
the second read operation, the memory cells with an MSB of
0 are detected according to the respective read voltages Vrd4
to Vrd6. Next, the memory cells with an MSB of 0 are
detected according to the over-sampling read voltages Vrfd0
to Vrfd2. In step S150, the data detected according to the
over-sampling read operation and separated from the data
detected according to the normal read operation are stored on
the latches. When the data stored according to the second read
operation and latched according to the over-sampling read
operation are outputted, a bit value is determined according to
a soft decision algorithm in the memory controller 120 at step
S160. In step S170, the data read according to the first and
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second read operations are combined in the memory control-
ler 110, and an error correction operation is performed. Steps
S130, S140 and S150 are performed in a pipelined manner.
That is, the soft decision algorithm operation and the second
read operation are performed on the data outputted by the first
read operation by using a pipeline method. In this manner, the
load associated with memory controller 120 which performs
the soft decision algorithm on the data read from the selected
memory cells can be reduced.

FIGS. 5A and 5B are views illustrating a data reading
method of the memory system 100 where multi-bit flash
memory device 110 does not distinguish memory cells
according to an MSB and performs the normal and over-
sampling read operations on all the selected memory cells.
FIG. 5A illustrates read voltages Vrd0 to Vrd6 for a normal
read operation and FIG. 5B illustrates read voltages V{rd0 to
V1rdé for an over-sampling read operation. The memory sys-
tem o performs only the normal read operation by the read
voltages Vrd0 to Vrd6 of FIG. 5A. The memory system may
additionally perform the over-sampling read operation of
FIG. 5B to achieve more reliable data.

FIG. 6 is a flowchart illustrating an alternative embodiment
where the memory system does not divide the selected
memory cells according to an MSB, and performs a normal
read operation or an over-sampling read operation. In particu-
lar, once a read operation proceeds, multi-bit flash memory
device 110 performs a normal read operation on selected
memory cells. The normal read voltages Vrd0 to Vrd6 are
sequentially provided into a word line of the selected memory
cells. A page buffer (not shown) detects a bit line of the
selected memory cells and stores the detected data (multi-bit
data) on a plurality of latches in step S210. Once the normal
read operation is completed, the multi-bit flash memory
device 110 outputs the detected data in the latches into the
memory controller in step S220. Memory controller 120
determines whether or not to perform the over-sampling read
operation in step S230. If it is determined not to perform the
over-sampling read operation, the data outputted according to
the normal read operation are determined as read data without
additional processing according to a soft decision algorithm
in step S270.

However, when an over-sampling read operation needs to
be performed to obtain more reliable data as determined in
step S230, the process proceeds to step S240. Multi-bit flash
memory device 110 detects memory cells selected by the
over-sampling read voltages Vrfd0 to Vird6 to perform the
over-sampling read operation. The detected data are stored on
latches of the page buffer in step S240. Once the over-sam-
pling read operation is completed, over-sampling read data
are outputted to memory controller 110 in step S250. In step
S260, the memory controller 120 performs a soft decision
operation with reference to the outputted over-sampling data
and the data outputted during the normal read operation. The
data resulting from the soft decision algorithm are processed
through an error correction algorithm and supplied to the host
in step S280. In this manner, the normal read operation and
the over-sampling read operation can be selectively per-
formed on the selected memory cells. For the highly reliable
data, the memory controller 120 continuously performs the
normal read operation and the over-sampling read operation
to determine data values according to the soft decision algo-
rithm. Alternatively, for the data that does not require high
reliability, the flash memory device only performs the normal
read operation.

FIG. 7 is a diagram illustrating the normal read operation
and the over-sampling read operation performed during con-
tinuous read cycles. The normal read data and the over-sam-
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pling read data detected during the continuous read cycles are
outputted to memory controller 120. However, during the
continuous read cycles, the page buffer must include a suffi-
cient number of latches for storing all the data detected as a
result of the over-sampling read operation.

FIG. 8 is a flowchart of a read operation according to a third
embodiment of the present invention. Memory controller 120
outputs a command code to multi-bit flash memory device
110 to perform a read operation in response to a read request
from a host. Multi-bit flash memory device 110 detects the
data associated with the memory cells selected by the read
voltages Vrd0 to Vrd6 in response to a read command. In step
S310, the normal read data corresponding to the detected data
and a plurality of pages are sequentially stored on latches of a
page buffer. Multi-bit flash memory device 110 sequentially
detects memory cells selected according to the over-sampling
read voltages Vird0 to Vrfd2. In step S320, the detected
over-sampling data are stored on latches that are separated
from the latches storing the data detected during the normal
read operation. Once the over-sampling read operation is
completed, the data in a page buffer according to the normal
read operation and the over-sampling read operation are out-
putted to memory controller 110 in step S330. The outputted
data includes bit values that are finally determined according
to a soft decision algorithm in step S340. In step S350, a data
processing operation is performed to deliver the data to the
host. In this manner, the normal read operation and the over-
sampling read operation are performed during continuous
read cycles. Accordingly, a latch structure of a page buffer is
required to latch all the data detected according to the normal
read operation and the over-sampling read operation.

According to a reading method of the multi-bit flash
memory device, it is possible to output data, detected accord-
ing to an over-sampling read operation, at high speed which
results in a high speed and reliable memory system. Although
the present invention has been described in connection with
the embodiments of the present invention illustrated in the
accompanying drawings, it is not limited thereto. It will be
apparent to those skilled in the art that various substitutions,
modifications and changes may be made thereto without
departing from the scope and spirit of the invention.

What is claimed is:

1. A method of operating a memory system including a
memory controller and a non-volatile memory device, the
non-volatile memory device having a plurality of memory
cells programmed in a first state or a second state, the method
comprising:

controlling the non-volatile memory device to read the

plurality of memory cells via a first read voltage for
distinguishing a threshold voltage of the plurality of
memory cells between the first state and the second
state;

outputting first data read from the plurality of memory cells

via the first read voltage;

receiving the first data from the non-volatile memory

device;

determining whether or not to perform an over-sampling

read operation based on the first data;
controlling the non-volatile memory device to perform the
over-sampling read operation to detect the plurality of
memory cells via at least one second read voltage,
wherein the second read voltage is disposed between the
first read voltage and a threshold voltage corresponding
to a peak point of the first state or the second state;

outputting second data detected through the over-sampling
read operation;
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receiving the second data from the non-volatile memory
device; and

determining read data through a soft decision algorithm
based on the first and second data.

2. The method as set forth in claim 1, wherein the first and

second states are two adjacent data states.

3. The method as set forth in claim 1, wherein the first read
voltage is a predetermined voltage to distinguish the first state
from the second state.

4. The method as set forth in claim 1, wherein the first data
and the second data are transmitted in a page unit.

5. The method as set forth in claim 1, when the over-
sampling read operation is not selected, the first data is output
in a hard decision manner.

6. A memory system comprising:

a non-volatile memory device performing a normal read
operation on selected memory cells to detect first data
via a first read voltage and an over-sampling read opera-
tion on the selected memory cells to detect second data
via at least one second read voltage, wherein the selected
memory cells are programmed in a first state or a second
state; and

a memory controller configured to control the non-volatile
memory device to perform the normal read operation or
the over-sampling read operation, wherein the memory
controller determines read data through a soft decision
algorithm referring to the first data and the second data
when the over-sampling read operation is selected,

wherein during the over-sampling read operation, the at
least one second read voltage is disposed between the
first read voltage and a threshold voltage corresponding
to the peak point of the first state or the second state.

7. The memory system of claim 6, wherein each of the first

and second data correspond to a page unit size.

8. The memory system of claim 6, wherein the first data is
determined as the read data in a hard decision manner when
the over-sampling read operation is not selected.

9. The memory system of claim 6, wherein the first read
voltage is a predetermined voltage to distinguish the first state
from the second state.

10. A method of operation a memory system, the method
comprising:

controlling a non-volatile memory device to perform a
normal read operation on selected memory cells via a
first read voltage for distinguishing each of threshold
voltages of selected memory cells between a first state
and a second state;

controlling the non-volatile memory device to perform an
over-sampling read operation on the selected memory
cells via a second read voltage being disposed between
the first read voltage and a threshold voltage correspond-
ing to the peak point of the first state or the second state;
and

performing a soft decision operation referring to first read
data derived from the normal read operation and second
read data derived from the over-sampling read opera-
tion.

11. The method as set forth in claim 10, wherein the first
and second states are adjacent program states among a plu-
rality of program states.

12. The method as set forth in claim 10, further comprising:

latching the first read data in the non-volatile memory
device;

latching the second read data in the non-volatile memory
device; and

outputting the first read data and the second read datato a
memory controller.
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13. The method as set forth in claim 12, wherein the out-
putting the first and second read data is performed after the
over-sampling read operation.

14. The method as set forth in claim 10, wherein each of'the
first read data and second read data correspond to a page unit
size.

15. A memory system comprising:

a non-volatile memory device performing a normal read
operation on selected memory cells to detect first data
via a first read voltage and an over-sampling read opera-
tion on the selected memory cells to detect second data
via a second read voltage, wherein the selected memory
cells are programmed in a first state or a second state;
and

a memory controller configured to control the non-volatile
memory device to perform the normal read operation
and the over-sampling read operation sequentially,
wherein the memory controller determines read data
through a soft decision algorithm referring to the first
data and the second data,

wherein the second read voltage is disposed between the
first read voltage and a threshold voltage corresponding
to the peak point of the first state or the second state.

16. The memory system of claim 15, wherein each of the
first and second data correspond to a page unit size.

17. The memory system of claim 15, wherein the first read
voltage is a predetermined voltage to distinguish the first state
from the second state.

10

15

20

25

10

18. A method of operating a memory system including a
memory controller and a non-volatile memory device, the
method comprising:

reading selected memory cells through one or more first

read voltages to output first data to the memory control-
ler by the non-volatile memory device;

determining whether or not to perform an over-sampling

read operation based on a data reliability mode by the
memory controller;

when the data reliability mode corresponds to high reliabil-

ity mode, performing the over-sampling read operation
on the selected memory cells through second read volt-
ages to output second data to the memory controller by
the non-volatile memory device; and

determining read data through a soft decision algorithm

using the first data and the second data by the memory
controller to output to an external device.

19. The method of claim 18, wherein the data reliability
mode corresponds to low reliability mode, the first data is
outputted as the read data without performing the over-sam-
pling read operation to an external device.

20. The method of claim 18, wherein the second read
voltages are disposed between the first read voltage and a
threshold voltages corresponding to peak points of threshold
voltage distributions.



